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Introduction
Planning ability is an important part of executive functioning, which represents an individual's ability to carry out complex, higher level problems. There are a variety of day-today tasks that require an individual to utilize planning abilities, including such activities as preparing for an overnight stay at a conference (e.g. packing toiletries, organizing transport from the airport, packing appropriate clothing, etc.) or simply preparing to go out for the evening (e.g. how much money to bring, what to wear, etc.). In both instances, an individual must successfully identify and plan the necessary steps to achieve their goal. Studies have revealed that planning ability declines with age, though findings are less consistent with regards to naturalistic settings where older adults might plausibly be able to compensate for such a decline (see Garden, Phillips, & MacPherson, 2001; Kliegel, Martin, McDaniel, & Phillips, 2007; Jurado & Rosselli, 2007; Allain et al., 2005; Sanders & Schmitter-Edgecombe, 2012) . In this study, we evaluate the role of plan formulation in the planning performance of cognitively healthy younger and older adults using an open-ended, naturalistic task in a real world environment.
While there have been numerous standardized neuropsychological instruments designed to assess planning abilities, few clearly separate planning formulation from execution.
Theoretically, planning ability has been broken down into a formulation stage and a subsequent execution stage (Grafman, 1989; Shallice, 1982 ; see also Allain et al., 2005; Sanders & Schmitter-Edgecombe, 2012) . The formulation stage involves cognitively designing a plan to solve a problem and incorporating multiple steps that will lead to a goal. The execution stage involves guiding the execution of the plan to a successful conclusion (Allain et al., 2005) .
Certain neuropsychological tests non-explicitly allow for a pre-execution phase during which it is assumed that participants make use of formulation abilities before beginning the task, such as the Tower of London (TOL) task and the Zoo Map task from the Behavioral Assessment of the Dysexecutive Syndrome test battery (BADS; Wilson, Alderman, Burgess, Emslie, & Evans, 1996) . In these cases, the formulation stage of planning is usually represented only by the amount of time that passes before the participant initiates the execution of the task; typically, there is no overt formulation phase built into these tasks. By not explicitly providing a preliminary stage during which participants utilize formulation abilities as they would in daily life, individuals may be forced to rely solely on execution abilities (e.g., online planning, setshifting, etc.), which may hamper overall performance if both formulation and execution abilities are required for successful planning.
Using the TOL task, Phillips, Wynn, Gilhooly, Della Sala, and Logie (1999) provided direct support for the idea that execution abilities are not reliant upon formulation abilities to be successful. The authors implemented distractor tasks during the period of time before participants initiated task execution, which were shown to reduce time spent planning during this supposed formulation phase but had little to no effect on execution performance. In a follow up study with the TOL, Phillips, Wynn, McPherson, and Gilhooly (2001) examined the effect of a plan condition (individuals were given specific instructions to form a mental plan) and a 5-second condition on individuals' ability to mentally carry out the task. Results showed that individuals were more likely to mentally carry out a sequence of moves accurately in the plan versus the 5-second condition. However, there was no effect of the preplanning condition on execution performance or total time when actually carrying out the TOL trials. As there was no formal assessment method to specifically capture what participants were doing during the preplanning phase across studies, there is no definitive evidence as to the nature of the relationship between these two stages of planning.
To separately evaluate the formulation and execution components of planning, in a prior study in our laboratory (Sanders & Schmitter-Edgecombe, 2012) , younger and older adults completed a naturalistic task called the Amap Task (formerly "the map task"), modeled after the Multiple Errands Test (Alderman, Burgess, Knight & Henman, 2003; Shallice & Burgess, 1991) .
For the Amap, individuals carried out several tasks in a campus apartment as part of an openended task-paradigm that utilizes real-world stimuli. For example, the Amap required participants to retrieve and place several objects at new locations and to answer questions throughout the task (e.g., How many plants are located in the apartment? Is there a broom located in the supply closet?). To be successful, individuals needed to accurately and efficiently interweave the tasks so as to avoid revisiting locations more than once. There were two phases to the Amap Task, a formulation phase and an execution phase. Participants were instructed to write out a plan for completing the task during the formulation phase and subsequently completed the task during the execution phase. We introduced an experimental manipulation by allowing only half of the participants to utilize their written plans during the execution phase in order to identify the potential benefit of utilizing an external aid derived from formulation abilities. Of note, we prioritized ecological validity while designing the Amap as a majority of tests of planning utilize only pen and paper, which may not actually tap the same planning abilities used in daily life.
Overall, we found that older adults performed significantly more poorly than younger adults on measures of both formulation and execution accuracy and efficiency. The discrepancies in execution abilities between age groups remained even after taking formulation performance into consideration. We also found that both age groups improved from formulation to execution (i.e., execution scores were better than formulation scores for both groups). Interestingly, having access to their formulated plan during execution had no significant effect on execution accuracy or efficiency for either the younger or older adult group. On the one hand, this finding seemed to suggest that the formulation component of planning may have been unrelated to the execution component during task completion, consistent with previously discussed findings from the literature (e.g. Phillips, Wynn, Gilhooly, Della Sala, and Logie, 1999; Phillips, Wynn, McPherson, & Gilhooly, 2001) . For example, it is possible that participants' on-line planning ability may have suggested a different way to carry out the task during execution. It is also possible that the execution phase built upon the formulation phase in some manner, as opposed to being an independent attempt at the same task, resulting in improved performance. Because all participants constructed a plan during the formulation stage, the benefits of planning ahead may have occurred regardless of whether or not the individuals had access to the written plan during task execution.
When evaluating planning ability, an important goal should be to separate and individually assess formulation and execution abilities. However, this becomes increasingly difficult when using stimuli with overly structured instructions for task completion that may suppress some of the abilities that make up execution (e.g. online planning and adjusting, set shifting, etc.). For example, the second phase of the Zoo Map test, theorized to represent plan execution, simply requires participants to complete items one by one on a list in sequential order.
This limits the need for more complex plan execution abilities (e.g., online planning, set-shifting, etc.). Furthermore, common practice across clinical and research settings has been to focus primarily on the execution stage of planning, with little emphasis on implementing and assessing an overt formulation phase prior to task completion. If execution abilities theoretically build from and expand upon formulation abilities, then this administration format is problematic.
Alternatively, if planning ability predominantly relies on aspects of the execution component and less so on the formulation component, then this mode of assessment may be adequate. These points remain to be clarified in the literature.
Taking these points into consideration, the primary goal of this study was to identify whether having a distinct formulation phase impacts execution performance. Using the previously described Amap Task (Sanders & Schmitter-Edgecombe, 2012) , we compared two different administration formats. One format reflected the traditional administration format of laboratory-based planning tasks where there is no overt formulation phase (i.e., informal planning condition). The other administration format required participants to formally plan out a strategy prior to task execution (i.e., formal planning condition). For both conditions, participants did not have access to their formulated plan during execution in order to directly compare the effect of preplanning on execution abilities.
By investigating the impact of formally planning a strategy prior to execution and comparing it to the more traditional informal planning phase, we can better clarify the nature of the relationship between formulation and execution abilities in planning performance. We were especially interested in the effect of constructing a formal plan prior to task execution and examining whether on-line execution abilities would be augmented in this situation. Based on the theory that execution abilities build upon formulation abilities and jointly constitute planning ability, we hypothesized that individuals in the formal planning condition would perform better on the Amap as a result of having an adequate opportunity to utilize formulation abilities before transitioning into execution. Because individuals in the informal planning condition were not instructed to formulate a plan, we believed they would be more likely to initiate execution before sufficiently formulating a plan and, thus, not perform as well as individuals in the formal planning condition. However, should execution abilities be more independent and unrelated to formulation abilities, we expect to find no significant differences in execution performance between formulation conditions. Based on our previous study (Sanders & Schmitter-Edgecombe, 2012) , we expected older adults to perform more poorly than younger adults during both formulation and execution. We further hypothesized that the older adults' Amap performances would benefit more from formal preplanning than the younger adults, highlighting a relationship between aging and an increased need to adequately plan ahead.
As a secondary goal of this study, we were interested in comparing Amap outcome measures with informant-report data from the Instrumental Activities of Daily Living:
Compensation Scale, a measure developed to capture early functional difficulties and compensatory strategy use in aging populations (IADL-C; Schmitter-Edgecombe, Parsey, & Lamb, 2014) . In prior studies, the Amap was found to be related to several standardized neuropsychological tests of executive functioning (i.e., part B from the Trail Making Test [TMT; Reitan & Wolfson, 1985] , the Controlled Oral Word Association Test [COWAT; Benton & Hamsher, 1976] .189, groups. Therefore, education was not used as a covariate in the analyses. As seen in Table   1 , there were also no significant within-group differences across the formal and informal Older adults were recruited as volunteers responding to newspaper advertisements, brochures distributed in a variety of medical offices, and WSU campus email-newsletters.
Younger adults volunteered to participate via a student subject web pool to fulfill class requirements and/or obtain extra credit. The data was collected as part of a larger study investigating the relationship between memory deficits and everyday functioning. Participants completed a battery of standardized and experimental neuropsychological tests in a laboratory setting, followed approximately one-week later by a three-hour battery of testing in a WSU campus apartment. Participants also consented to having study personnel contact a knowledgeable informant via telephone to complete the IADL-C. In exchange for volunteering for the study, older adults were provided with feedback about their cognitive performance in relation to their age peers. Participants were also given travel compensation as well as parking passes to facilitate travel to and parking at WSU for both the laboratory and smart home testing sessions.
All participants were required to be native speakers of English 
Materials and Procedures
Participants completed the Amap Task (see Figure 1 ) in a campus apartment at WSU.
The apartment contains a living room, dining room, kitchen, and 3 hallway closets on the ground floor. While there is a bathroom and 3 bedrooms upstairs, including one utilized as the "computer headquarters" of the administrators, the participants only used the ground floor of the apartment for the purposes of testing. The campus apartment contains smart environment technologies intended to help individuals maintain independence in their home (e.g., motion
detectors, sensor plates, etc.); however, no smart environment technologies were incorporated into this study.
Amap Task
For the Amap Task, participants were given a map layout of the WSU smart apartment and a list of activities to be completed, questions to be answered and reported to the administrator, and locations to be visited. Participants were instructed to plan an efficient route that would allow them to complete the requested tasks. The examiner then reviewed the list of tasks with the participant, highlighting objects to be retrieved and placed, and instructing the participant to utilize the key at the top of the map to identify where the items are located. In addition, participants were instructed they would also need to answer several questions throughout the task by saying the answer aloud to the examiner as they accomplish each item.
For the formal planning condition, participants were told that they had 5 minutes to write out a plan for task completion using the map layout. The participants' written plan was then removed before transitioning to the next phase; none of the participants had access to their written plans during task execution. Participants in the informal planning condition were simply instructed to begin whenever they were ready, and they did not have access to pen and paper. After the initial planning stage, all participants were given 10 minutes to execute the task. Participants were prompted for any questions before beginning the task and instructed that they would not be allowed to ask questions once the task began.
IADL-C Questionnaire
For the older adult group, informant-report data was collected for the IADL-C questionnaire. The IADL-C consists of 27 questions pertaining to quality of engagement in several common activities of daily living. Items are distributed between four functional domain subscales, including money and self-management, home daily living, travel and event memory, and social skills. Informant responses to items are based on an 8-point Likert scale, rating levels of independent functioning (1-4) and need for assistance (5-7), with additional options for "unable to complete" or "does not need to complete activity" as well as "no basis for judgment."
An overall total IADL-C score was obtained, with lower scores indicating better ability to carry out everyday activities.
Scoring

Amap Task
As seen in Table 2 , Amap scoring involved 19 different task parts and 7 location "hubs,"
identical to the Amap Task scoring protocol used in our previous studies (Sanders & SchmitterEdgecombe, 2012; Sanders, Low, and Schmitter-Edgecombe, 2014) . For the formal planning condition, outcome measures for the formulation component of planning included formulation accuracy and formulation efficiency. A formulation accuracy score was obtained by tallying the number of task parts out of 19 that were incorporated into the participant's plan (e.g. pick up the medication dispenser, retrieve the T.V. remote, etc.). A formulation efficiency score was determined by the participant's ability to plan ahead to multitask and interweave task parts in a manner that would avoid revisiting locations to complete different tasks. Based on 7 different location "hubs" for task completion, each location the participant included in their formulation was evaluated in terms of one trip or multiple trips needed to carry out the tasks at that particular location (e.g., drop off the medication dispenser AND check for brown sugar in cupboard "A" in one trip). Results were interpreted based out of 7 possible planned hub visits. For the informal planning condition, the outcome measure for formulation was simply the total time that elapsed from the end of initial instructions to task initiation in order to parallel the more traditional method of assessing formulation in this manner.
The outcome measures for the execution component of planning included execution accuracy and execution efficiency. Execution accuracy was based on the participant's ability to complete activities, with each task part given a score ranging from 1 to 4. A rating of "1" indicated the task part was completed accurately on the first trip to that particular location, while a rating of "2" indicated the task part was completed accurately but required an additional trip. A rating of "3" was given for task parts that were incomplete due to an omission (e.g. failed to retrieve the dust pan, did not answer microwave question, etc.), and "4" indicated an incomplete task part due to an inaccuracy (e.g., incorrect answer given, mustard retrieved instead of relish, etc.). Scores of "3" or "4" were considered inaccurate. An execution accuracy score was obtained by tallying the number of task parts accurately completed out of 19. An execution efficiency score was determined by the participant's ability to multitask and visit locations only once. Each location "hub" was evaluated for number of times visited during task execution.
Multiple visits, single visits with an incomplete task part, and single visits with both task parts completed were tallied individually, with totals interpreted based out of 7 possible single hub visits.
Supplementary Measures
As a supplementary measure for the Amap Task, for those participants in the formal planning condition, their formulated plan was broken down into sequenced task parts and directly compared to their subsequent executed sequence to obtain a route execution adherence score. This score represented the percentage of formulated task parts adhered to by sequence during the execution phase, providing an estimate of participants' ability to carry out their plan sequence as intended from formulation to execution. In addition, for those participants whose executed sequence was not 100% consistent with their formulated plan, an adherence efficiency score was obtained by subtracting the formulation efficiency score from the execution efficiency score, with a negative total indicating poorer execution efficiency and a positive total indicating better execution efficiency. Other supplemental measures included total time and total searching behaviors. Each instance of searching behavior was tallied regardless of whether the participant was continuously searching for the same item or not (e.g., opening four cupboards in search of the plastic cups was tallied as four searching behaviors).
Scoring Reliability. Amap data was scored and double-scored for each participant. Based on total discrepancies in scoring between coders, interrater agreement was >99%, consistent with reliability data from previous studies (Sanders & Schmitter-Edgecombe, 2012; Sanders et al., 2014) . This was as expected, given the nature of the Amap Task paradigm and the explicit instructions participants are given to write out their plan, which allows for relatively straightforward scoring with little to no ambiguity.
Statistical tests conducted.
Several of the outcome variables were not normally distributed and required transformation. In such cases, SQRT or log (base 10) transformations were utilized to transform variables, based on degree of skewness and with reversescoring/reflection for negatively-skewed data. Variables transformed in this manner included Amap formulation and execution accuracy and efficiency, total time, and total searching behaviors, with results falling within normality thresholds (skew and kurtosis statistics < ± 1.5).
Transformed variables were then used in all analyses, while means and standard deviations from the raw data were reported to aid interpretation. T-tests were utilized to evaluate group differences in Amap formulation accuracy and efficiency scores for the formal planning condition, as well as route execution adherence scores and adherence efficiency scores. For the informal planning condition, t-tests were also used to compare the total formulation time between groups (total time elapsed from end of instructions to task initiation). Separate 2 (group: YA, OA) by 2 (condition; formal planning, informal planning) univariate analyses of variance (ANOVAs) were used to examine differences in participants' Amap execution accuracy and efficiency scores, searching behavior, and total time needed for Amap Task completion.
Means and standard deviations for each of the Amap measures for each group are reported in Table 3 (see also Figures 2 and 3) .
Amap Task Formulation
Formulation Accuracy. For individuals in the formal planning condition, formulation accuracy was measured as the total number of task parts out of 19 incorporated into the participant's formulated plan. As can be seen in 
Formulation Time (informal planning).
For the informal planning condition, the outcome measure for formulation was measured as total time (in seconds) that elapsed from the end of initial instructions to task initiation. There was no significant group difference between YAs and OAs in preplanning time, t(31) = -.381, p = .706, d = -0.17.
Amap Task Execution
Execution Accuracy. Searching. Searching was measured as observed behavior that included visiting non-task related locations (e.g., wrong cupboard) in search of items or answers for questions. As seen in was measured as the percentage of task parts incorporated into the participant's formulated plan that were carried out in similar sequence during task execution. As seen in Table 3 , there was no significant group difference in the percentage of total tasks adhered to during task execution, 
Correlational Analysis
Pearson's correlations were conducted separately for the OA and YA groups. For the informal planning condition, there were no significant relationships amongst the formulation (preplanning time) and execution (accuracy, efficiency) outcome measures or the supplemental measures for either group, rs < .238, ps > .164. For the formal planning condition, for both the OA and YA groups, execution efficiency was correlated with execution accuracy and adherence efficiency scores (see Table 4 ). While only statistically significant for the OA group, trends suggested adherence efficiency scores were correlated with formulation efficiency similarly for both groups. Formulation accuracy was correlated with adherence efficiency scores for the YA group and formulation efficiency, total time, and route execution adherence scores for the OA group.
We then compared Amap outcome measures to informant-report data from the IADL-C separately for both the formal and informal planning conditions for the OA group. As can be seen in Table 5 , for the informal planning condition there were no correlations between Amap formulation and execution outcome measures and the IADL-C. For the formal planning condition, the correlational analyses revealed that formulation accuracy and efficiency scores were significantly correlated with informant-report data for the travel and event memory and social skills subscales of the IADL-C (e.g., read and follow a map when traveling). In contrast, execution efficiency was correlated with the money and self-management skills subscale (e.g., ability to prioritize and complete tasks in order of importance).
The goal of the current study was to explicitly assess the formulation and execution components of planning ability in healthy younger and older adults using the Amap Task, an ecologically valid, open-ended measure of planning ability (Sanders & Schmitter-Edgecombe, 2012; Sanders, Low, & Schmitter-Edgecombe, 2014) . Current standardized tests of planning ability may be limited in this regard, as most are not designed to separately evaluate the formulation and execution stages of planning and do not utilize ecologically valid task stimuli.
We also set out to address the issue of methodology in planning assessment, specifically whether execution abilities are differentially impacted by a formal planning compared to an informal planning stage prior to execution, with the latter representing the traditional approach of focusing more on measuring the execution phase of planning and less on the formulation component.
For the formal planning condition, findings revealed generally poorer formulation accuracy and efficiency scores for the OA group in comparison to YAs. For the informal planning condition, results showed that formulation time (measured as total elapsed time from end of instructions to task initiation) did not significantly differ by group. Together these findings highlight the limited sensitivity of using total planning time as a measure of quality of plan formulation, consistent with prior research (see Phillips et al., 1999; .
Across conditions, OAs exhibited poorer execution accuracy and efficiency scores compared to YAs. Supplemental Amap measures also revealed that the OA group took significantly longer to execute the Amap and were more likely to omit task parts compared to YAs, with trends suggesting that the OAs also engaged in more searching behavior. Furthermore, the OAs poorer execution scores were shown to persist even after controlling for both formulation accuracy and efficiency scores calculated in the formal planning condition. These findings are consistent with previous research using the Amap Task (Sanders & SchmitterEdgecombe, 2012 ; see also Sanders, Low, & Schmitter-Edgecombe, 2014) , showcasing the reliability of the Amap as a measure of planning ability with sufficient sensitivity to identify distinct age-related declines in planning ability.
Regarding the planning manipulation, better execution efficiency scores and less searching behavior were found for participants in the formal compared to the informal planning condition. This suggests that participants' ability to efficiently interweave completion of task parts significantly improved following adequate opportunity to construct a plan prior to execution, which also reduced the likelihood they would need to search in order to complete task parts. In contrast to execution efficiency scores, however, execution accuracy scores did not vary by condition. While the execution accuracy findings may be consistent with evidence suggesting that preplanning has no bearing on task execution, regardless of the specificity in planning instructions or even when compared to having no opportunity for preplanning whatsoever (Phillips et al., 1999; , this would not explain the significant effect of formal planning on Amap execution efficiency.
To bridge this gap, we posit that current findings may implicate an inherent hierarchy between accuracy and efficiency, with accurate performance less dependent on a formal versus an informal planning formulation phase while efficiency in performance would benefit more from a structured opportunity to plan ahead. As an example, consider if we were to operationalize grocery shopping. One could conceivably retrieve and purchase necessary goods at a grocery store with 100% accuracy by simply employing an algorithmic strategy to visit every aisle, beginning with those nearest the entrance and concluding with check-out. However, efficiency in this manner would require a more decisive strategy that would avoid visiting unnecessary aisles (e.g. pet food, automobile maintenance, greeting cards) while also taking into account factors affecting the order/sequencing of task parts (e.g. dropping off a prescription at the pharmacy first, collecting frozen items last, coordinating visits to free-food/sample vendors, etc.). In the current study, individuals who set out to "visit every aisle" may not have varied in their algorithmic approach based on the format of the initial formulation phase (e.g. those setting out to complete every task and question in the order listed, one after the other).
In addition, comparison of formulation and execution accuracy and efficiency scores for the formal planning condition revealed both groups' scores improved from formulation to execution. This finding suggests that, similar to YAs, OAs can benefit from on-line planning and are able to follow through and improve upon formally planned strategies during execution without an external cue. This would be consistent with evidence in the literature that OAs may be able to compensate for age-related declines in planning ability on ecologically valid tasks of planning ability (Phillips, Kliegel, and Martin, 2006; Kliegel, Martin, McDaniel, & Phillips, 2007 ; see also Sanders & Schmitter-Edgecombe, 2012) . However, both groups may have improved from formulation to execution as a result of preplanning prior to task execution.
Because the informal planning approach does not allow direct assessment of what is occurring in the space prior to task execution, this cannot be determined, further highlighting the limitations inherent to the informal planning method.
Highlighting a dissociation between formulation and execution skills in planning ability, our correlational analyses revealed that neither of the Amap formulation outcome measures were associated with execution accuracy or efficiency for either group. Further supporting this distinction between formulation and execution scores, correlations with informant-report data from the IADL-C revealed associations between subscales inherently more akin to formulation and execution abilities and respective Amap outcome measures. For example, execution efficiency was correlated with the money and self-management skills subscale of the IADL-C, comprised of items pertaining to everyday activities more reliant on execution abilities (e.g.
ability to complete tasks in order of importance or find one's way back to a meeting spot). In combination with previous research where the Amap Task was found to be associated with several standardized neuropsychological tests of executive functioning (Sanders & SchmitterEdgecombe, 2012; Sanders, Low, & Schmitter-Edgecombe, 2014) , these findings highlight the ecological validity of the Amap as a measure sensitive to planning abilities used in everyday life.
While current findings align with evidence suggesting a need to separately evaluate formulation and execution abilities when assessing planning ability (Phillips, Wynn, McPherson & Gilhooly, 2001; Allain et al., 2005; Basso et al., 2001; Sanders & Schmitter-Edgecombe, 2012; Sanders, Low, & Schmitter-Edgecombe, 2014) have concluded preplanning has no relationship with execution performance (Phillips et al., 1999; . Discrepancy in findings may reflect the nature of the informal preplanning format, which does not allow determination of what is occurring prior to execution and may also be limited by working memory capacity (see Phillips et al., 2001) , as well as differences in execution outcome measures and their relationship to formulation abilities. Current results showed execution efficiency significantly improved with formal plan formulation while execution accuracy was not significantly impacted. As discussed above, this may reflect a hierarchy between execution accuracy and efficiency, with formal planning a prerequisite for individuals to build upon accuracy in their approach and guide task completion in an efficient manner.
There are several limitations to current findings. Our sample was ethnically homogenous (mostly Caucasian), with discrepancy in educational level between age groups. However, given the constellation of findings illustrating age-related decline in planning ability, this may actually bolster conclusions (i.e. older adult poorer performance across measures despite being generally more highly educated than younger-adult counterparts). Correlational analyses may also have been limited by sample size for certain comparisons with the younger adult group. In addition, the Amap and related modified scoring paradigms are novel in nature, and replication of the Amap task itself may prove difficult across settings. However, the components of the task and its general impetus in design parallels everyday contexts and stimuli, which theoretically would not be difficult to recreate. Although the real-world apartment where this study took place represents a strength in ecological validity in comparison to laboratory settings, this may yet have impacted performances to some degree. That is, participants were not familiar with the particular apartment layout prior to testing and so there may have been increased need for an overt opportunity to formulate a plan ahead of execution, whereas well-known tasks and/or settings may limit an individual's need in this regard, instead relying on procedural knowledge and expertise to guide behavior.
In conclusion, this study utilized the Amap Task, an ecologically valid, open-ended planning task to separately evaluate the formulation and execution components of planning ability in healthy younger and older adults. While there were no significant group differences in formulation time for the informal planning condition, results revealed age-related declines in formulation accuracy and efficiency scores in the formal planning condition. Our results also showed poorer execution accuracy and efficiency scores for older adults across conditions, with additional findings from supplemental measures collectively delineating an inherent slowing and increased tendency toward omission in planning behavior as part of the aging process.
Independent of the quality of the formulated plans, ability of OAs to self-monitor and follow through with intended formulation strategies during execution without an external cue and/or modify and adjust strategies appeared intact. The experimental manipulation comparing formal and informal planning formats revealed that having an overt opportunity to formulate a plan prior to task completion benefitted execution efficiency but did not significantly impact execution accuracy. This suggests that while formal planning may not influence measures that assess for execution accuracy via static correct/incorrect criterion for task completion, execution efficiency (i.e., approach to task completion or "finesse") may significantly improve with formal preplanning, highlighting the utility of implementing a formal planning stage prior to execution when measuring planning abilities. Notes. Mean scores for informal planning formulation (total elapsed time from end of instruction to task initiation) and total task time are in seconds. 
